Abstract The present study investigates the oxidative and thermal stability of flavoured oils developed by incorporating essential oils from black pepper and ginger to coconut oil (CNO) at concentrations of 0.1 and 1.0% (CNO P-0.1 , CNO P-1 , CNO G-0.1 , CNO G-1 ). The stability of oils were assessed in terms of free fatty acids, peroxide, panisidine, conjugated diene and triene values and compared with CNO without any additives and a positive control with synthetic antioxidant TBHQ (CNO T ). It was found that the stability of CNO P-1 and CNO G-1 were comparable with CNO T at both study conditions. The possibility of flavoured oil as a table top salad oil was explored by incorporating the same in vegetable salad and was found more acceptable than the control, on sensory evaluation. The synergetic effect of essential oil as a flavour enhancer and a powerful natural antioxidant that can slow down the oxidation of fats was established in the study.
Introduction
Vegetable oils and fats are important part of our diet as they provide energy; fat soluble vitamins and essential fatty acids required for growth and development of the body. Oils and fats, apart from providing nutrition, are known to play functional roles during product preparation contributing to the palatability of processed foods. Coconut oil is one of the widely used cooking oil in many countries like Indonesia, Srilanka, Philippines, Brazil, Thailand, Malaysia, Vietnam, and some regions of Europe and North America. The highly saturated coconut oil is unique in that it is one of the richest sources of medium chain fatty acids (MCFA) even though several controversies exist with its effect on Low density lipoprotein (LDL) (Che Man and Marina 2006) . However some of the recent studies indicate that a favorable alteration in serum lipoprotein balance was achieved when coconut oil was included in the diet of healthy male volunteers (Sundram et al. 1994) . Also, studies revealed that vascular disease was uncommon in Polynesian islands, where the majority of the populations consume coconut as the main source of fat (Prior et al. 1981) . Beneficial effects of adding coconut kernel to diet was noticed and it was found that there were no statistically significant alterations in the total serum cholesterol level, High Density Lipoprotein (HDL) cholesterol, LDL cholesterol, HDL cholesterol/total cholesterol ratio and LDL cholesterol/HDL cholesterol ratio of triglycerides in 64 volunteers who consumed coconut kernel rich diet (Kurup and Rajmohan 1995; Padmakumaran et al. 1998) . The MCFA's in coconut oil are similar to that of human milk and have nutraceutical benefits (Raghavendra and Raghavarao 2010 ). MCFA's are important in human diet as they are reported to be inert source of energy that the human body finds it easier to metabolize and do not require energy for absorption, utilization and storage (Hiroyuki et al. 2008) . Phenolic compounds namely, ferulicacid, vanillic acid, syringicacid, gallocatechin gallate, p-coumaric acid, sinapic acid and cinnamic acid, were identified from the methanolic extract of CNO (Janu et al. 2014; Marina et al. 2009 ).
The oxidative stability of vegetable oils is one of the key factors in determining its use in foods and their applicability in industrial situations. Several methods are developed for improving the stability of oils that includes genetic modifications, compositional changes via chemical means, addition of synthetic antioxidants like TBHQ, BHT, etc. Synthetic antioxidants are reported to be carcinogenic and BHT has been removed from GRASS list and TBHQ is banned in many countries. The search for natural antioxidants that can replace synthetic antioxidants has always has been an interesting research area among food scientists. Oleoresins and volatile oils from spices and herbs have attracted lot of attention in this regards (Tugba and Medeni 2012) . Spices are considered as the major adjunct in contributing flavor to a large group of foods. Other than imparting characteristic flavor to foods, spices are rich source of antioxidant phytochemicals (Claudia and Florian 2013) . The addition of spice extract or essential oil to a vegetable oil can thereby impart a combined effect as a natural antioxidant in extending the shelf life as well as a flavouring agent (Taghvaei and Jafari 2015; Sadeghi et al. 2016) .
The preventive effect of cinnamon essential oil on lipid oxidation in vegetable oils was studied by Keshvari et al. (2013) . The physico-chemical properties and thermal stability of olive oil flavoured by the addition of aromatic plants were studied by Ayadi et al. (2009) . The essential oil of thyme, salvia and rosemary were studied for their oxidative stability towards refined oil (Sana et al. 2012) . However, most of these studies were carried out by the addition of aromatic plants or plant extracts directly to vegetable oils that may lead to poor sensory characteristics on storage (Ayadi et al. 2009 ). Flavoured oils, obtained by the combination of both vegetable oil as well as essential oils, are attaining great importance as innovative product e.g., salad dressing and as a green product.
Essential oil from black pepper and ginger is reported to possess significant antioxidant properties (El-Ghorab et al. 2010; Kapoor et al. 2009 ). With this background, the present study aims to develop flavored coconut oil by incorporating black pepper and ginger essential oils and to study the shelf life and thermal stability of developed oils. As the flavoured coconut oil can be used as topping for salads, the acceptance of the developed oil as salad dressing by sensory analysis was also evaluated.
Materials and methods

Materials
Coconut oil was procured from authorized manufacturer in Kerala, India, who supply to the local markets. The oils collected were of about two weeks from manufacture date as on experimental schedule and were Agmark certified indicating their quality. Sulfuric acid, glacial acetic acid, hydrochloric acid, hexane, methanol, ethanol, iso-octane, diethyl ether, potassium iodide, sodium bicarbonate, sodium hydroxide, sodium sulphate, sodium thiosulphate, carbon tetrachloride, chloroform and tert-butyl hydroquinone (TBHQ) were obtained from SRL chemicals, India. All the chemicals used were of analytical grade.
Methods
Essential oil extraction and composition
Authenticated samples of black pepper (Panniyur) and ginger (Rajakumari) were dried to a moisture content of 5% and distilled for obtaining the essential oil following ASTA methods (1991) . Hydro distillations dried and powdered spices (50 mesh size) were carried out at 100°C for 4-6 h in a Clevenger trap. After distillation, the essential oil was passed through anhydrous sodium sulphate to remove any traces of moisture and was then collected and stored in graduated vials. The yields of essential oils were expressed as percentage (v/w). The flavor compounds in the essential oils obtained by the distillation of black pepper and ginger were analyzed by mass fragmentation pattern using Gas Chromatograph Mass Spectrophotometer (GC-MS). The GC-MS analysis was performed using GC 17A-GCMS QP 5050A combination (Shimadzu-Japan), equipped with phenyl polysil phenylene-siloxane capillary column (30 m length, 0.25 mm int. dm, 0.25 mm film thickness). The temperature of programming was set from 80 to 200°C at the rate of 5°C/ min and held at 200°C for 25 min. The injection temperature of 250°C, interface temperature of 27°C, carrier gas helium at a flow rate of 1 mL/min, mass scan range of 900 amu, ionizing electron energy of 70 eV and the inlet pressure of 100 kPa were the parameters set during the analysis. Identification of the components was achieved by comparing the retention time of authentic samples, confirmed by comparing the Kovats indices and the mass spectra of the samples with standard library-NIST-05 and library created in the laboratory (Adams 2001; Davies 1990; Jennings and Shibamoto1980) . The retention indices were calculated for all constituents using a homologous series of n-alkanes, C 6 -C 22 . The percentage composition of the identified compounds was computed from the GC peak area in methyl silicon column.
Flavoured oil preparation
Black pepper and ginger essential oils were added at two concentrations (0.1 and 1.0% pepper essential oil-CNO P-0.1 and CNO P-1 respectively; 0.1 and 1.0% ginger essential oil-CNO G-0.1 and CNO G-1 , respectively w/w) to coconut oil. It was blended thoroughly in a shaking water bath. The oils were then stored in glass bottles and were analyzed for oxidative and thermal stability studies.
Storage stability analysis
The flavoured oils were stored at 60°C in a hot air oven for a period of seven weeks. A control of pure coconut oil (CNO C ) and a positive control of coconut oil with synthetic antioxidant TBHQ at 200 ppm (CNO T ) were also kept for study. Samples were withdrawn at intervals of seven days for analysis. Chemical and physical parameters of oils namely free fatty acid (FFA), peroxide (PV), p-anisidine values (p-Av), conjugated diene and triene values and colour were measured according to AOCS methods (1990).
Thermal stability
The thermal stability, to assess the stability of oils during frying, was analyzed by heating the oils at 180°C for 1 h (Abdulkarim et al. 2007; Ayadi et al. 2009; Murari and Shwetha 2016) . The samples were analyzed for their physico-chemical parameters (FFA, PV, p-Av, diene and triene values and colour).
Sensory evaluation
The acceptance of the developed flavoured oils as salad oil was evaluated for its sensory characteristics. The blends of flavoured oil were prepared one week prior to the sensory evaluation and were stored in sealed glass bottles for uniform mixing and stabilization of the samples. Fresh vegetables (carrot and cumber) were sliced into small cubes and salt was added to taste. It was then mixed with oil in the ratio of 10:1 w/w. Sensory evaluation was carried out by 20 panelists (4 fully trained and 16 semi trained), who were non smokers and with an age range of 25-45. The panelists were provided with vegetable salads in numbered closed vessels, so as to retain its maximum flavour. The product was evaluated for its sensory characteristics for flavour, taste, and overall acceptability using a 5-point hedonic scale (like extremely-5, like moderately-4, neither like nor dislike-3, dislike moderately-2, dislike extremely-1). The mean sensory scores for various attributes of the flavoured oils were calculated.
Statistical analysis
All the experiments were carried out in triplicates. The experimental results are expressed as mean ± SD of triplicate measurements and the results were processed using Microsoft Office Excel 2010. One way analysis of variance (ANOVA) and their statistical significance (p B 0.05) carried out by Duncan's post hoc analysis was ascertained using a computer program package (SPSS 16).
Result and discussion
Yield and composition of essential oil
The yield of essential oil from black pepper and ginger were 2.81 and 2.50%, respectively, on dry weight basis. The components of both black pepper and ginger volatile oils that are responsible for the characteristic aroma and flavor were analysed by Gas Chromatograph (GC) and GC-MS.
Chromatographic profile (Supplementary figures 1 and 2) of black pepper essential oil indicated the presence of 37 compounds contributing to 96.1% of the total essential oil composition and that of ginger oil constituted to 38 compounds which contribute to 95.76% of the total essential oil composition. The flavor compounds in black pepper oil and ginger oil, identified by GC-MS data, and their relative area percentages are presented in Table 1 . The major terpene compounds in black pepper oil were found to be bcaryophyllene contributing to 15.03%. Zingiberene was the major compound identified in ginger essential oil contributing to 12.95%.
Oxidative stability at accelerated storage
Free Fatty Acid
The presence of free fatty acids (FFAs) in oil is an indication of insufficient processing, lipase activity, or other hydrolytic actions. It may be noted that the initial FFA of the trial samples were slightly higher than that of the control. This may be due to the slight oxidation induced by physical blending of the oils or from the essential oil itself. On accelerated storage at 60°C for 7 weeks, a slow and steady increase in FFA was noted in all the samples. It can be noticed that the samples showed remarkable increase in free fatty acids only after the fourth week. The FFA content increased from 0.82 ± 0.018 to 1.48 ± 0.015% in the control, whereas the control oil with synthetic antioxidant TBHQ showed an increase from 0.87 ± 0.07 to 1.09 ± 0.02 U. CNO blended with essential oil of pepper and ginger showed significantly lesser FFA formation after seven weeks of storage as compared to the control and the positive control. The FFA content increased from 0.96 ± 0.05 to 1.06 ± 0.02% in flavoured oil with 1% pepper essential (CNO P-1 ). In the case of flavoured oil with 1% ginger oil (CNO G-1 ) an increase from 0.95 ± 0.02 to 1.04 ± 0.16% was noticed. This decrease in FFA formation in flavoured oils on storage can be attributed to the ability of essential oil to slower the oxidation process. Spice essential oils are very good antioxidants (Saleh et al. 2010; Amorati et al. 2013 ) and this antioxidant ability of essential oils might be the reason for the lesser FFA formation in flavoured oils compared to the control oil. On a comparative basis it can be concluded that CNO P-1 and CNO G-1 were more stable than the positive control CNO T (Fig. 1a) . Even though an increase in FFA was noted in all oils on storage for seven weeks, their values were within the limits of codex standards. Similar pattern was showed in the formation of FFA were garlic extract was used to stabilize sunflower oil (Shahid and Bhanger 2007) .
Peroxide value
The peroxide value is the most common method of assessing oxidative stability of vegetable oils. The amount of peroxides indicates the degree of primary oxidation and therefore is linked to the rancidity. The steady increase in peroxide indicates the formation of hydroperoxides during oxidation of fat. It can be noted from the Fig. 1b , that the essential oil incorporated samples had the least values for peroxides. The control oil had an initial value of 9.79 ± 0.37, a gradual increase was noted during storage and after the fourth week of storage there was significant increase to 28.86 ± 0.15 U and finally to 34.27 ± 0.44 U at the last week of storage. The peroxide value of oils at the last week of storage were 34.27 ± 0.44, 26.9 ± 0.23, 28.02 ± 0.21, 27.69 ± 0.48, 20.93 ± 0.37, 19.48 ± 0.28, respectively for CNO, CNO T , CNO G-0.1 , CNO P-0.1 , CNO G-1 and CNO P-1 . As can be seen, CNO with essential oils of pepper and ginger at both the levels exhibited better stability as compared to the control. CNO P-0.1 and CNO G-0.1 showed values higher than TBHQ added control indicating that they are less effective than TBHQ (Fig. 1b) . However, at 1% level of incorporation, both the essential oils effectively reduced the formation of peroxides indicating better stabilization of the oil, as compared to the control and positive control. This may be attributed to the radical scavenging efficiency of spice oils leading to the decreased peroxide formation. El-Ghorab et al. (2010) have studied the antioxidant activity of ginger oil towards DPPH radicals where dried ginger essential oil contributed to 83.87 ± 0.54% inhibition at a concentration of 240 lg/ml. It has been reported that the addition of spice extracts in vegetable oil reduced the peroxide value during storage (Ramadan and Wahdan 2012) . 1991) . These secondary carbonyl breakdown products causing rancidity are mainly measured by the panisidine value. The p-Av of coconut oil blends were studied for seven weeks with control showing the maximum degradation (Fig. 1c) . As compared to the control, decomposition of CNO with TBHQ and essential oils followed a similar pattern during storage. The formation of secondary oxidation product followed the order CNO C CNO G-0.1 CNO P-0.1 C CNO T C CNO P-1 C CNO G-1 . As can be seen, CNO G-1 showed the maximum stability in terms of anisidine value with an initial p-Av of 2.87 ± 0.76 U and to 13.84 ± 0.88 at the last week of storage studies. The initial p-Av's for CNO P-1 was 2.47 ± 0.02 and for CNO T was 2.12 ± 0.56 which increased gradually to 14.15 ± 0.23 and 14.60 ± 0.41, respectively, for CNO P-1 and CNO T on the 7th week of analysis. A similar report by Zaborowska et al. (2012) indicated that the p-Av values were lower in sunflower oil added with thyme extracts.
Conjugated diene and triene values
Monitoring diene conjugation emerged as a useful technique for the study of lipid oxidation. During the oxidation of unsaturated fatty acids considerable isomerization of double bonds results in the formation of hydroperoxides and this rearrangement forms conjugated dienes which exhibit an intense absorption at 234 nm (White 1991) . Conjugated trienes are produced by the linolenate oxidation products or by dehydration of hydroxyl linoleate (Houhoula et al. 2002 ). An increase in UV absorption theoretically reflects the formation of primary oxidation products in fats and oils. Since the unsaturated fatty acids in CNO accounts only 7-8%, the diene and triene values were less affected during storage. The triene and diene values of flavoured oils were more or less similar to CNO T . The control CNO was found to have the maximum dienes and trienes which changed from 0.098 ± 0.12 to 3.95 ± 0.11 and 0.015 ± 0.1 to 1.978 ± 0.11 (Fig. 2a, b) . However in the present study, there was not much increase in dienes and trienes in flavoured oils.
Colour value of oils
Colour plays an important role in the acceptability of a food product. The colour of oils was measured using Lovibond tintometer (Tintometer Ltd., Sallisburry, UK), RYBN scale. The addition of essential oil to CNO resulted in an increase in R and Y values. The ginger oil and pepper oil had distinguished colour and this might have resulted in the increase in colour of oils. Among the oils, the initial colour values of flavoured oil with pepper essential oil were found to be the highest (Table 3 ). The Y values of both CNO P-1 and CNO G-1 were higher compared to CNO. On storage the R values showed a gradual decrease where as an increase in Y values were noted.
Thermal stability studies at frying temperature As oils are considered as the medium for frying a large number of food products, it is very important that these oils must be thermally stable at the frying temperatures. Thermal degradation of oils at frying temperature results in a number of chemical reactions which includes hydrolysis, oxidation, thermal decomposition and polymerization (Melton et al. 1994) . Prolonged heating also reduces organoleptic and nutritive quality of oils. The thermal stability of the flavoured oils at 180°C, was evaluated in terms of FFA, PV, p-av, diene and triene values.
Free Fatty Acid
FFA's are formed by the breakdown of triacyl glycerols on hydrolytic or autoxidation. It has been reported that on thermal processing, hydrolysis occurs more in oil with short chain fatty acids than oil with long chain saturated fatty acids. On heating at 180°C, the flavoured oils exhibited better stability with very small increase in FFA as compared to the CNO and CNO T . CNO G-1 had the least value of 0.79 ± 0.22% and control, CNO with highest value of 0.98 ± 0.51%. Here, the result again correlated well with the previous results of storage studies, indicating the stability of flavoured oils than the control.
Peroxide value
The peroxide value showed significant change on heating at 180°C. Among the six samples, control exhibited highest peroxide value (180 ± 0.66 U) and CNO P-1 , the least. The peroxide values of the samples were 60.0 ± 0.34, 62.34 ± 0.41, 104.25 ± 0.22, 108.13 ± 0.68 and 67.05 ± 0.5 for CNO P-1 , CNO G-1 , CNO P-0.1 , CNO G-0.1 and CNO T , respectively. The lesser PV of flavoured oil may be due to the presence of antioxidants in the essential oils of pepper and ginger that can quench the initiation and propagation steps of auto oxidation reactions. It can be noted that peroxide values of the oils heated at 180°C was higher than that of the oils at 60°C as the chances of formation of decomposition products are more on prolonged heating. Karoui et al. (2011) , reported that there was a sharp rise in peroxides value when the temperature was raised from 25 to 180°C during heating of corn oil. They also reported that corn oil with thyme extract showed the least peroxide value during deep frying.
p-Anisidine value
Oxidation, which is accelerated at the high temperature used in deep frying, creates rancid flavours and reduces the organoleptic characteristics of fried food. The p-Av values of coconut oil samples before and after heating at 180°C is shown in Table 2 . The pepper oil incorporated oil at 1% concentration showed the least value for p-Av, which again correlated with the peroxide value.
Conjugated diene and triene values at 180°C
Neither of the samples showed a greater variation on heating indicating not much significant change compared to the control (Table 2 ). This may be due to the fact that the content of long chain unsaturated fatty acids in coconut oil is only 7-8%. Houhoula et al. (2002) reported that, on heating cottonseed oil, there was an increase in the conjugated dienes with frying time. These values for conjugated diene and triene reported by were much higher than that of CNO samples in the present study. The greater increase of conjugated dienes in their experiments is justified by the high content in linoleic acid (55.5%) of the cottonseed oil.
Colour value
Oil samples after heating had undergone a slight increase in its colour, it may be due to the oils instability during Results are expressed as mean ± SD of three parallel measurements heating that produces many decomposition products. Similar studies in change in colour of oils were reported to the accumulation of non-volatile decomposition products such as oxidized triacyl glycerols and FFA that can lead to colour changes which indicate the extent of oil deterioration (Abdulkarim et al. 2007 ). The colour values of oils are given in Table 3 . Heating at 180°C, did not show much increase R values from the initial but there was remarkable change in the Y values of oils. Spice essential oils and some of its components have been reported to possess very good antioxidant activities. The ginger essential oil components b-bisabolene, zingiberene, a-curcumene and b-caryophyllene, d-limonene, b-pinene, sabinene present in black pepper essential oil is reported to exhibit antioxidant potential (Amorati et al. 2013) . The better storage and thermal stability of the flavoured oils in the present study may be attributed to the antioxidant activities of these component as well as their synergistic effect in the essential oil.
Sensory evaluation
Sensory analysis of the developed flavoured oils was carried out and compared with control by adding the flavored oils to vegetable salad. On sensory evaluation, it was found that salad with flavoured oils was preferred by the panelists. CNO P1 was found to score maximum indicating its better acceptability over other samples (Fig. 3) . Among the panelists, 88% liked coconut oil flavoured with pepper essential oil, and 9% liked coconut oil flavoured with ginger oil and there was a group constituting of 3% who stood for the control without any essential oil.
Conclusion
Preservation of foods by replacement of synthetic antioxidants with natural products like essential oils and plant extracts have attained wide spread interest as a green technology deprived from any toxicity. The addition of essential oil to CNO improved its storage stability in terms of its antioxidant potential as well as its characteristic flavour attributing to the better sensory characteristics. Also as flavoured oils can be used as table top oils, the study brings out the potential use of coconut oil in a wider angle as the main source of medium chain fatty acids. The flavoured oils need no further addition of synthetic antioxidant as the study indicates good oxidative stability of CNO P1 when compared with the TBHQ added oil. The sensory analysis of the product was evaluated for colour, taste and overall acceptability. The study reveals that essential oil from black pepper and ginger could be promoted as a natural antioxidant, to improve the shelf stability of oils. The addition of essential oil as a source of natural antioxidant can definitely create an impact in the market as there is no adverse health effect on the usage of natural components. The study may be extendable to other commonly used edible oils and essential from various other spices.
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